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INTRODUCTION
The hip abductors play a central role in controlling lateral stability not only for the hip joint but also for the knee joint (Boling, Padua and Creighton 2009) Evidence of a differential activity of Gmed and Gmin was documented in a magnetic resonance imaging (MRI) study on asymptomatic subjects (Kumagai, Shiba, Higuchi, 25 Nishimura et al 1997) . In subjects with early hip osteoarthritis, electromyography (EMG) and MRI studies indicated increased activity of Gmed, which was thought to compensate for deficits in Gmin (Sims, Richardson and Brauer 2002; Grimaldi, Richardson, Stanton, Durbridge et al 2009) . Structural and functional differences between Gmed and Gmin require a separate assessment. 30
[insert figure 1]
A non-invasive, clinically relevant method for assessing superficial Gmed and also the deep Gmin muscle is ultrasound (US) imaging (Ikezoe, Mori, Nakamura and Ichihashi 2011). In a rehabilitative context, measurements of muscle thickness or of the change of thickness during activity are most commonly reported. One important condition of reliable thickness measurements is a consistent scanning angle (Klimstra, Dowling, Durkin and MacDonald 2007; Whittaker, Warner and Stokes 2009) . As the iliac bone and muscle fasciae are not parallel with the skin surface, the 5 transducer handle must tilted towards the subjects back to direct the US-beam perpendicular onto the iliac bone. The angle of tilt of the transducer needs to be reproduced to achieve reliable thickness measurements of Gmed and Gmin. Of particular importance are reliable baseline measurements of muscle thickness in relaxation that enable the detection of thickness change during muscle activity. In both modes, US scans provide often slightly blurred contours of muscle fasciae which complicates a reliable determination of the inner edges of the fasciae from which muscle thickness should be measured (Whittaker 2007, p.99) . 30
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This study aimed to compare B-mode and M-mode baseline measurements of relaxed Gmed and Gmin thickness by three aspects of intra-tester reliability, repeated scans within-session, repeated scans between-days and repeated measurements on the same scans after one week. A further objective was to document the scanning procedure and muscle identification.
METHODS
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Gmed and Gmin thickness was measured in the intervals between maximal voluntary isometric contractions (MVIC) using B-mode and M-mode US in two US scanning sessions (day 1 and day 2) within one week. Measurements in between phases of maximal activity were taken to examine the repeatability of the baseline measurements. Surface EMG was used to control for Gmed relaxation. 
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The iliac periosteum forms the deep border of Gmin, the deepest interface in the image (figure 1). The Gmin aponeurosis is visible as a hyperechoic band setting a continuous demarcation towards Gmed. Above the aponeurosis lies the thick bulk of Gmed which is divided by a hyperechoic, thin, not necessarily continuous structure.
The superficial fascia of Gmed is easily identified in dynamic imaging, whereas in 15 static images it blends into the fascia lata. Following the periosteum towards the hip joint, a hyperechoic structure between Gmin and the iliac periosteum can be For estimating within-session reliability, all scans taken first were compared to the second scans from day 1. For assessing between-days reliability, scans of day 1 and day 2 were compared. For examining the reliability of taking the measurement, all scans of day 1 were measured a second time after one week. 10
Statistics
Gmed and Gmin thickness were described by mean and standard deviation (SD). studies indicated that not all muscle motion indicates muscle activity, but provided no evidence for muscle activity without accompanying motion. M-mode is highly sensitive to motion (figure 2, pulsation of a vessel). Isolated Gmin motion was observed (figure 4), which may be an indication of selective, low level activity which cannot be assessed by surface EMG and which is difficult to observe in B-mode. 30
Although not confirmed by fine-wire EMG in this study, it can be assumed that stable, horizontal traces of muscle tissue in the M-mode images indicate muscle relaxation. The straightforward visual recognition of relaxation in deep muscles may be a unique advantage of M-mode US compared to B-mode and to surface EMG (table 4) .
[insert table 4]
Study limitations
The focus of this study is basic since it did not include thickness measurements controlled by fine-wire EMG. Ethically, for the control of relaxation alone, the invasive procedure could not be justified.
Implications for physiotherapy practice
Within-session reliability of B-mode and M-mode thickness measurements of Gmed 5
and Gmin was high, with a slight preference for the use of B-mode. Between-days reliability was good and did not differ between B-mode and M-mode US. M-mode US may enable the assessment of relaxation in deep muscles, an advantage for est b ishing 'tr e' b se ine me s rements of m sc e thickness. Figure 1 . Longitudinal B-mode US view on the gluteus medius and minimus muscles manually collated for anatomical orientation. The grey frame indicates the field of view which was scanned in the study for thickness measurements. Arrowhead points at a structure which presumably is the reflected head of rectus femoris. Figure 2 . M-mode trace of the onset of isometric abductor activity. Muscle relaxation before activity is indicated by undisturbed horizontal lines, pulsation of a vessel is detectible as slight line displacement in gluteus minimus (larger arrowhead). Sustained activity can be distinguished from relaxation by less stable M-mode lines. Arrows point at the angles of the M-mode sound-beam towards the gluteus medius fascia and aponeurosis which were measured to assess angle variation.
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Smaller arrowhead indicates reflected head of rectus femoris in the B-mode image. Table 3 . Reliability of re-measuring the two scans of day 1 after one week, intraclass correlation coefficients (ICC), confidence intervals (CI), standard error of measurement (SEM) and minimal detectable change (MDC). 
